Atrazine is a herbicide commonly used on corn and sorghum. Consumption of atrazine adversely affects humans. Environmental factors are related to atrazine concentration in the surface waters of the Big Blue River Basin using regression techniques. The usefulness of environmental factors as predictors of surface water atrazine contamination appears to depend on the time period.
. Thus atrazine would commonly be applied in the Big Blue River Basin from mid-April to June. Based on unpublished data from the Nebraska Cooperative Extension, McKenney et al. (1997) concluded that application rates in the Big Blue River Basin averaged 1.2 pounds of active ingredient per acre.
In the McKenney et al. (1997) study, several atrazine data sets were used. Here data from the National Water Quality Assessment (NAWQA) synoptic stations were considered. These data were collected at 34 sites throughout the Big Blue River Basin, on approximately the same dates and under similar flow conditions ( Table 1) . The same sampling methods were used at all sites and on all sampling dates. All sampling occurred in a single year; and the four sampling dates (July and November 1988, and March and May 1989) included portions of two different growing seasons. The locations of the sampling points are shown in Figure 2 . The other atrazine data sets from McKenney et al. (1997) were not considered here because the sampling methods varied greatly.
The NAQW A readings were collected under low flow conditions. Under low flow conditions, shallow ground water contributes most of the water in unregulated streams (Stamer and Zelt, 1995) . Thus detection ofatrazine in surface waters at this time may be a consequence ofatrazine in ground water. The data are not representative of high flow conditions that would lead to increased contamination due to run-off.
Methods
The data set used in the McKenney et al. (1997) study was reconstructed using both the report and Internet sources and entered into ArcView GIS. Additional spatial variables anticipated to be related to surface water atrazine levels were also included. Data were available on different sampling units. For example, atrazine is reported for a point, the corresponding NAWQA synoptic station. The acre percentages planted to corn and sorghum are on a county basis. Well depths are at points, but the points differ from those of the NAWQA stations. For each NAWQA station, the variables were spatially linked. This resulted in the observed value for each variable from the sampling unit in which the station lay being linked with the atrazine data collected at the station. Thus, the percentage of acres planted to corn for the county in which the station lies is reported for that station. In the case of well depth, the closest well to the station is linked to that station. Variables in the final data set included land slope in the map unit, percentage of corn to total planted acres in the county, percentage of sorghum to total planted acres in the county, well-depth, soil characteristics, sub-basin drainage area, and the depth to rock.
Crop acre percentages were derived from the 1992 Census of Agriculture (US Bureau of the Census, 1995). The percentages reflect the percentage of the county cropland planted in corn and sorghum. Slope data were collected from the State Soil Geographic (STATSGO) database, which is available from the Nebraska Resources Commission Internet site. Slope is in percentages. The slope is reported as the average of the maximum and minimum slope within the map unit spatially associated with each atrazine sampling point. Map units are polygonal areas representing the reporting units in the STATSGO database. They vary in size, with each unit representing a relatively homogeneous area. Soil hydrology score was also obtained from the STATSGO database. Originally soil hydrology was a categorical variable, with classes A, B, C, and D. Those classes indicated the permeability of the soil in each map unit. Class A soils were very permeable, while class D soils had a slow infiltration rate. A weighted numerical average was generated from these categories as suggested by McKenney et al. (1997) . Each category was assigned a number, and these values were weighted in each map unit according to the percentage of each soil component that was present in the map unit. The final scale based on the weighted averages consisted of numbers between 1 and 4, with 1 being very permeable and 4 having a very slow infiltration rate. Well depth data were collected from the Nebraska Resources Commission Internet site for registered ground water wells and from Kansas's WIZARD water well database. Well depth was measured in feet in both cases. Basic hydrology unit drainage area was measured in thousands of acres. These data were from the Nebraska Resources Commission Internet site containing basic hydrological unit boundaries by river basin. The basic hydrological units are the drainage areas of the smallest units in the Department of Natural Resource's system. They are not classic drainage areas as streams were used as dividing lines in some cases.
Spatial correlation among atrazine levels at the NAWQA sampling sites was investigated before analysis was conducted. Trends were removed from the data and semi-variograms were obtained for each of the four sampling dates using GEOEAS software. GEOEAS software is in the public domain and may be downloaded from www.epa.gov/ada/csmos/models/geoeas.html. These graphs indicate that spatial correlation was not present (Figures 3 and 4 ). Thus, multiple regression was used to explore the relationship between surface water atrazine level and environmental factors.
The atrazine point data along with the potential explanatory variables were exported to SAS. The data set was then analyzed for influential observations, primarily based on evaluation of the difference in fitted values resulting from deleting potentially influential observations. As a result of that analysis, six atrazine-Ievel points were removed. The points that were removed are specified by their reference number and date from Table 1 . Those points were the July 1988 point with reference number 35, the November 1988 point with reference number 2, the March 1989 points with reference numbers 3 and 17, and the May 1989 points with reference numbers 2 and 20. Each of the outliers had much larger observed atrazine levels compared to the other points on the same sampling date. These large values could be due to point-source pollution, to an unusual combination of environmental factors and non-point-source pollution, or to measurement error. These observations were treated as missing data during subsequent analyses.
For each atrazine sampling date, stepwise regression with a maximum R2 criterion was used as an exploratory tool. After preliminary identification of important variables, a full hierarchical model was fit.
Models
What follows are the models generated for the four sampling dates. Application of the models to all areas along the Big and Little Blue Rivers produced negative predictions in some areas. The negative predicted values were set to zero. The response and explanatory variables considered are given below: 
The model has an R2 of 0.38.
The regression model for November 1988 is
(1) y 2 = max (-0.048 -0.0019d + O.13s -0.03s 2 -0.00058a + 0.000013a 2 + 0.0014ds, 0). (2) The model has an R2 of 0.23.
The regression model for March 1989 is
The model has an R2 of 0.74.
(
The regression model for May 1989 is y 4 = max (1.45 + 1.23c -0.017d + 0.000088d 2 -0.0049a -0.053cd + 0.20ca, 0).
(4)
The model has an R2 of 0.61.
The models have reasonable environmental interpretations. As corn percentage increases, so does the potential for atrazine use and atrazine contamination. Areas with a higher slope tend to be linked with more atrazine contamination due to run-off Well depth was used as an indicator of how far down the aquifer is at various points. Surface water and sub-surface water interact. Areas where the aquifer is closer to the surface tend to be more easily contaminated by infiltration, and such contamination could affect surface water contamination levels. As the basic hydrology unit area increases the drainage area into the NAQW A site also increases, making it more likely that atrazine will get into the water. Soil hydrology score, a measure of how dense the soil is, can have an effect on atrazine levels, as denser soils tend to lead to more atrazine runoff, while more porous soils may lead to greater atrazine infiltration.
Although the models account for a significant proportion of variation, substantial variation is not explained. The most variation was explained by the March, 1989, model. In that case the residuals did not show any clear spatial trend. (Figure 5 ). Additionally, scatter-plots and correlation analysis revealed no association between the residual values and the values of the explanatory variables (corn, acres, well depth, hydrology group, and slope) for any of the models.
Percentage of corn planted acres was a significant explanatory variable in all but the November, 1988, model. This suggests that how much corn is planted during the season in the surrounding area has a significant effect on surface water atrazine levels. That the November model did not include corn may be due to the fact that the date is long after atrazine application, and atrazine has a half-life of roughly sixty days in top soil. However, its presence in the March model, a date even further from application, may imply that corn percentage is erroneously omitted from the November model. Well depth was a part of all the models except for July, 1988. This suggests that the interaction between atrazine contamination by infiltration and surface water atrazine contamination may deserve attention. Another consistently represented group of variables is that associated with atrazine contamination due to run-off. Slope, basic hydrological unit area, or both were represented in each of the models. As the atrazine data were collected under low flow conditions (which are less obviously linked to atrazine run-oft), this fact could indicate that run-off contamination, perhaps from earlier rain events or snowmelt, may playa role in low flow conditions, or it could suggest the presence of unobserved factors. Additionally, the fact that all the models relied on different combinations of variables suggests that surface water atrazine level prediction is time dependent.
Conclusion
Environmental factors appear to playa role in atrazine contamination of the surface water of the Big Blue River Basin. This suggests that atrazine contamination is not simply a function of the amount of atrazine that is applied, although the prevalence of the corn percentage variable shows that it is important. Additionally, the results suggest that the environmental factors most closely related to atrazine contamination vary over time. Environmental factors appear to playa stronger role during certain time periods. That relationship is reflected in the higher percentage of variation explained during March and May. It may be the models are more successful during those times because weather conditions common in spring heighten the impact of environmental factors included in these models. Alternatively, the effect of atrazine from the preceding season should be least in March, and the atrazine levels observed in May may be primarily due to the recent applications. Because so many factors can affect atrazine levels and these vary greatly over space, prediction may be more difficult during time points further from application. Additionally, observations at a particular sampling point are impacted not only by the environment at that point but also by the environment at neighboring points, particularly those upstream. The models in this paper considered only the immediate environment of the sampling site. With further refinement, the role of environmental factors in atrazine contamination can be more precisely addressed, and the way that atrazine contaminates surface water can be better understood.
Summary
Atrazine is a herbicide commonly used on corn and sorghum. Consumption of atrazine adversely affects humans. Environmental factors are related to atrazine concentration in the surface waters ofthe Big Blue River Basin using regression techniques. The Big Blue River Basin is primarily located in southeast Nebraska, and continues into northeastern Kansas. Surface water atrazine data were from National Water Quality Assessment (NAWQA) synoptic stations. These data were collected at 34 sites throughout the Big Blue River Basin, on approximately the same four dates and under similar flow conditions. The environmental factors considered for inclusion in the models were percentage of acres of corn to total planted acres in the county, well depth, the average percentage slope in the STATSGO map unit, soil hydrology score, and the number of acres (in thousands) in the basic hydrology unit. The resulting regression equations were comprised of different groups of explanatory variables on the different sampling dates, and explained different amounts of variation in the atrazine data. The usefulness of environmental factors as predictors of surface water atrazine contamination appears to depend on the time period. The model R2 values ranged from 0.28 to 0.74, indicating other factors not considered in this study have an impact on atrazine levels in surface waters of the Big Blue River Basin. 11_.
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